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Context: Engineering of CPS

Truly complex, engineered systems, known as Cyber Physical Systems (CPS), are
becoming increasingly common. CPS emerge from the networking of multi-physical
(mechanical, electrical, hydraulic, biochemical, ).) and computational (control, signal
processing, logical inference, planning, ...) processes, often interacting with a highly
uncertain environment, including human actors, in a socio-economic context.
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“Model” Features

mapping feature

A model is based on an original.’

reduction feature

A model only reflects a (relevant) se-
lection of an original’s properties.

pragmatic feature

A model needs to be usable in place of
an original with respect to some pur-
pose.




System under Study (SuS) vs. Appropriate Model

Real-World Virtual
Model Model

Real-World
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Virtual SuS




A Valid Model is an Appropriate Model



validity “frame”

purpose: substitutability (engineering), explainability (science)
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Substitutability (wrt Pol) ... but .... _ nput
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Resistor Model’s Validity Range

Resistor Current (A)

system model

simulated (model) values
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V Validation conditions tested
C Candidate conditions for
directed experiments

Validation Ca>loy, By
Domain

G
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p, parameter characterizing the system or the surroundings

o, parameter characterizing the system or the surroundings

W. Oberkampf, C. Roy. Verification and Validation in Scientific Computing.

Cambridge University Press, 2010.



Inferred Concrete (In)Validity Frame
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Concrete Validity Frame

must be modelled, managed,
extended, evolved, re-used, ...

Experiments (architecture and worklow):

Repeatable
Replicable
Reproducible

Validity vs. Accuracy vs. Fidelity ...

Model/System Calibration
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Resistor Model’s Validity Range appropriate

Resistor Current (A)
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Most Appropriate Abstractions



Different abstractions

(same or different formalisms)




e For performance
(scale-ability)
e For insight

Proceedings of the 2019 Winter Simulation Conference
N. Mustafee, K.-H.G. Bae, S. Lazarova-Molnar, M. Rabe, C. Szabo, P. Haas, and Y.-J. Son, eds.

TOWARDS ADAPTIVE ABSTRACTION IN AGENT BASED SIMULATION

Romain Franceschini Simon Van Mierlo
Hans Vangheluwe

University of Corsica Pasquale Paoli Department of Mathematics and Computer Science
UMR CNRS 6134 University of Antwerp - Flanders Make
Campus Grimaldi Middelheimlaan 1
Corte, 20250, FRANCE Antwerp, 2020, BELGIUM
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Most Appropriate Notations



Communication Theory
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IEEE TRANSACTIONS ON SOFTWARE ENGINEERING, VOL. 35, NO. 5, NOVEMBER-DECEMBER 2009

The “Physics” of Notations: Towards a
Scientific Basis for Constructing Visual
Notations in Software Engineering

Daniel L. Moody, Member, IEEE



Semantic Transparency: semantically perverse symbols ~Physics" of Notations
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Most Appropriate Formalisms

syntax and semantics
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Most Appropriate Formalism
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Model-Based Development:
Modify the Model

(e.g., based on feature model of product family)

model transformation —— | app

small modification

model’ transformation —— | app’

small modification in model may lead to large change in app J

~ choice of formalism (e.g., Statecharts)




Can be Multi-Step/Multi-Formalism




most appropriate level of deployment



Model-Based System Design
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Ken Vanherpen. A contract-based approach for multi-viewpoint consistency in the concurrent design of cyber-physical systems. PhD thesis University of Antwerp. 2018.



kinds of models that always belong together

"ProMoBox”






Designing Requirements/Property Languages
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Languages. In Software Language Engineering (SLE), Vasteras, Sweden, LNCS vol. 8706, pp. 1- 20. Springer. September 2014.



Designing Requirements/Property Languages

SBIREA
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Languages. In Software Language Engineering (SLE), Vasteras, Sweden, LNCS vol. 8706, pp. 1- 20. Springer. September 2014.



Designing DS Requirements/Property Languages
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Most Appropriate Combination of Formalisms:

architectures
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Controller, using Statechart(StateFlow) formalism
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Formalism Transformation Graph (FTG)

Bran Seli¢: “fragmentation problem”

Multi-formalism coupled model: multi-formalism modelling

CouplingGraph

CoupledModel




PDE

TSN

GG GG G N K W W W W W

B T

System Dynamics

S G N A G N N B O W G W W G W B W W M W WK W M N WK H W
G S 00 40 B M N0 B0 B0 OE B0 0 N0 G0 B0 N0 G0 00 B0 G0 00 B0 GE 00 B0 K B0 B0 M B B0 W &

L U Y 1 7 Ay

DAE hioh—causal set

heduling=hybrid

B

DAE causgl s8quence {sortea)

Bond Graph a-caus

=

Celfufar Automata

tate Charts Fetri Nets

=

Finite State Autamgta

B R X R R
LR 36 BRI

J?{
I R
R -

o
5

e

B
B
B
B
%
%
K
%
£
-DAE
E
&
E
E
E
E
E
E
%

i PR
B Y

7

i s w w LR ow g

ference Equations

R
R

o

¥

Activity Scanning
Discrete Event

vent Scheduling
Discrete Event

T

Formalism Transformation Graph (FTG)

Frocess Interaction
Discrete Event

Caveat: proving semantics/property
preservation of a single transformation
(denoted by a blue arrow) may take at
least one PhD thesis!

E3

B

&

G G R G G W R W W R W W W R W K W W R W K W K R K R N R W R W

)

state

trajectory data (observation frame})

Hans Vangheluwe and Ghislain C. Vansteenkiste. A multi-paradigm modeling and simulation methodology:
Formalisms and languages. In European Simulation Symposium (ESS) , pages 168 - 172. Society for Computer Simulation International (SCS),

October 1996. Genoa, Italy.



FRE Formalism Transformation Graph (FTG)

co-simulation

Bond Graph a-causg

Cellutar Automata

DAE hon-causal set

R L R

Frocess Interaction
Discrete Event

Bond Graph causal

P P

System Dynamics State Charts
\ : 5 Activity Scanning
. DAE callsal jet—Transfer Fungtidn : : Discrete Event :
s 3 # : % “ : :
DAE causgl sequence {sorted) ; :
Pl : e Event Scheduling :
. : : :Finite St . ! :
. : : : ; - Discrete Event i
P : T . : : :
ol scheduling~ d-DAE | DEVS : : : :
: : i : : s : : : :
o : : L : S :
P ; ; : Difference Equations * %' T : : : :
s : : ! AR sk : : :
2l : : : : -y s : : :
L] % ¥ % ¢ fewy ¥ ¥ ¥ i
- . .
FUNCTIONAL state [lrajectory data {observation frame)
MOCK-UP
L sssme  |INTERFACE
FMU:1 FMU2 FMUn
| Model I I Model |
| Solver I | solver |
h e e Cladudio Gomes, Casper Thule, David Broman, Peter Gorm Larsen, and Hans Vangheluwe.

Master Co-simulation: A survey. ACM Computing Surveys (CSUR), 51(3):49:1-49:33, 2018.




Most appropriate Views



Wireless Home Entertainment System




Multiple (consistent !) Views (in - Formalisms)
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View: Events Diagram
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View: Protocol Statechart
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Journal of Computer Languages 76 (2023) 101223

Contents lists available at ScienceDirect

Journal of Computer Languages
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consistency across domains
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Appropriate (and explicitly modelled) Workflow
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FTG+PM (Process Model)

ne¢s!s

28 different modelling formalisms

50 transformations

FTG+PM: An Integrated Framework for Investigating Model Transformation Chains,
Levi Lucio, Sadaf Mustafiz, Joachim Denil, Hans Vangheluwe, Maris Jukss.
Proceedings of the System Design Languages Forum (SDL) 2013, Montreal, Quebec.
Lecture Notes in Computer Science (LNCS), Volume 7916, pp 182-202, 2013.




Line Following Robot
(for Twinning research)
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Design Iterations

Initial Version “fixed” Version “working” Version
(Bang-Bang Controller with Centered Sensor) (Bang-Bang Controller with Offset Sensor) (Tuned PID Controller with Offset Sensor)
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Meta-Models (MM)
Formalism Transformation Graph (FTG)
Process Model (PM)
Process Trace (PT)
Storage, Services, Real-World Artifacts  (S/S/RWA)

MM+FTG+PM+PT+S/S/RWA
aka FTG+tPM++

R. Paredis, J. Exelmans and H. Vangheluwe.
Multi-Paradigm Modelling For Model Based Systems Engineering: Extending The FTG + PM. 2022 Annual Modeling and Simulation Conference
(ANNSIM), San Diego, CA, USA, 2022, pp. 461-474, doi: 10.23919/ANNSIM55834.2022.9859391.
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Process Model
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Adapters (Storage, Services, Real-World Artifacts)
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MagicDraw, Rhapsody, ...

Stateflow, Simulink, ... Teamcenter, Windchill, ...

MySQL, Neo4j, ...
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DOORS-NG, ... Digital Thread

https://intercax.com/products/syndeia/
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Types of Traceability (enabled by “model management”)

" Traceability linking experiment and system

" Traceability across artifact versions (and process model)

" Traceability based on properties of interest

" Traceability between artifacts on different levels of detail
" Traceability between instances and types

" Fine-grained traceability between artifact elements



B R B C

TP 2014 5% International Summer School
Theory and Practice 25 - 29 August

'Thom.gs Kiihne‘



DYMEeefAn ARGy PEHEIEHSY A > M E i pap
T E@Refs@®

]
L W

| | E | ] A § BN s A (.

' N ! 5 |

(’_’ "' @-" E —"celﬁ O __&G)_, O m.~|
—O-e% O

\ . W

Joachim Denil


https://www.uantwerpen.be/nl/personeel/joachim-denil/

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	disclaimer
	Slide 9
	Slide 11
	Slide 13
	Slide 14
	Slide 15
	Slide 19
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 40
	Slide 41
	Slide 42
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 55
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 81
	Slide 83
	The Power Window
	Slide 86
	Slide 88
	Design Iterations
	Meta-Models Formalism Transformation Graph Process Model Proces
	Process Model
	Formalism Transformation Graph
	Meta-Models
	Slide 94
	Activity Contracts
	Process Trace
	Adapters (Storage, Services, Real-World Artifacts) (2)
	Slide 98
	Slide 99
	Slide 100
	Types of Traceability
	Slide 113
	Slide 114

